Dynamical representations of substituted Sturmian sequences (Analytic Number Theory and Related Topics) by Yasutomi, Shin-ichi
Title Dynamical representations of substituted Sturmian sequences(Analytic Number Theory and Related Topics)
Author(s)Yasutomi, Shin-ichi




Type Departmental Bulletin Paper
Textversionpublisher
Kyoto University
Dynamical representations of substituted
Sturmian sequences
Shin-ichi $\mathrm{Y}^{\cdot}\mathrm{A}\mathrm{S}\mathrm{U}\ulcorner\Gamma()\mathrm{M}\mathrm{I}$ $(. \mathrm{t}^{\frac{\grave}{\mathcal{X}}}\overline{e}_{]}\ovalbox{\tt\small REJECT}_{-}\backslash \not\in\backslash -arrow)$
$’\}’\iota\iota_{\sim}^{\sim}\iota tJ_{1}.\cdot \mathrm{r}li\mathrm{V}r1.li_{\mathit{0}?}|,C\iota/$. $(^{\backslash }\prime \mathit{0}/|lr,’ CJ^{(-}$ of
$\cdot$
$T\epsilon Ch_{lo/}.’ o\mathrm{r}/\backslash |J$
1 Introduction
We a.nnounce some theorems $\mathrm{c}\mathrm{t}\prime \mathrm{b}\mathrm{o}\mathrm{l}\mathrm{t}\mathrm{S}\mathrm{t}_{\mathrm{U}\Gamma 1}\mathrm{n}\mathrm{i}\mathrm{a}1\mathrm{l}$words in this report. The proofs and $\mathrm{d}\mathrm{e}\mathrm{t}$,ails will
be published elsewhere. We need some notations. Let $L$ be an alphabet,, i.e., a non-empty finite
set of letters. Now, we set $L=\{0,1\}$ . Let $W= \bigcup_{|\mathrm{r}0}^{\infty}=\{\mathrm{o}, 1\}^{\prime 1}$ , $\nu V^{*}=\bigcup_{t\iota=\mathfrak{l}}^{\infty}|\{0,1\}^{n}\cup\{0,1\}^{\mathrm{N}}$. For
$x,$ $y\in[0, \mathrm{J}]$ we $\mathrm{d}\mathrm{e}\mathrm{f}\mathrm{i}\mathrm{n}\mathrm{e}\subseteq_{\tau^{r}(}x,$ $y$ ), $(_{J}^{\grave{\mathrm{Y}}}(X, y)\in \mathcal{V}V^{*}$ by
$G(J^{\backslash },, y)=G_{\mathrm{t})}(x, y)^{(_{r}}\urcorner(1\cdot 1,\cdot, y)\ldots$ ,
$(_{J}^{\dot{\gamma}}.(.\iota i, y)=(_{\dot{7}()}^{-},(x\backslash , y)(_{7}^{\urcorner},\wedge 1(’.\mathrm{t}i, y)\ldots$ ,
where $\mathrm{C}_{7_{1}}.\cdot(.\iota,\cdot, .y)=\lfloor(j+1)x+y\rfloor-\lfloor jx+y\rfloor,$ $(_{J}^{\hat{\gamma}}.j(il,\cdot, y)=\lceil(j+1)x+y\rceil-\lceil jx+y\rceil$ for each integer
$J$






For $\mathrm{r}n\in L^{\mathrm{N}}$ , we define $\iota_{-}^{1_{\urcorner}}\urcorner vb(\iota))$ by
$l\mathrm{b}_{U}^{\urcorner}l)(\mathrm{t}\iota l)=$ { $n\in W|u$ is a subword of $\iota\iota)$ }.
A $|\mathrm{C}^{1\mathrm{t}_{1}\mathrm{i}\iota 11},,\iota \mathrm{r}\mathrm{l}\mathrm{l}\mathrm{l}\dot{\mathrm{c}}$ word is defined to be a word $1\iota|\in L^{\triangleright 1}$ sat,isfying
$||A|_{1}-|B|_{1}|\leq 1$
for auy $A,$ $B\in\iota^{\mathrm{t}_{\urcorner 1(lJ}^{-}}’ \mathrm{t}1l$) $\mathrm{w}\mathrm{i}\mathrm{t}_{[]}\mathrm{h}|\mathcal{A}|=|B|$ , where for $n\in VV|n|$ is a lengt, $\mathrm{h}$ of $u$, a.nd $|n|_{1}$ is a number
of the occurences of $\mathrm{t}_{[]}\mathrm{h}\mathrm{e}\mathrm{l}\mathrm{e}\mathrm{t}\mathrm{t}_{\nu \mathrm{e}\mathrm{r}}1$ in $n$ . In this lect,ure we consider only non periodic Sturlni,c\iota n word.
The($y\mathrm{r}\mathrm{e}\mathrm{l}\mathrm{l}\mathrm{l}$ . (Morse and Hedlund $[2];\mathrm{c}_{\mathrm{o}\mathrm{v}\mathrm{e}}\mathrm{n}$ ancl He$(|]\mathrm{l}\mathrm{n}\mathrm{d}[3])$ $\iota$) is $St_{l\eta)}\mathfrak{l}iC’\uparrow l$ if an, $d$ only if $\mathrm{t}\mathit{0}$ is
{ $(/\downarrow ol$ to $(_{7}’ \mathrm{t},\mathrm{t}i,$ $y)$ or $(_{-7}^{-}\mathrm{t}(.1i,$ $\mathrm{t}\mathit{1})$ for so $(|lex,$ $y\in[01]$} .
$\Lambda$ t,ra $\iota 1\mathrm{s}\mathrm{f}_{\mathrm{o}\mathrm{r}}\mathrm{t}\mathrm{n}_{\mathrm{c}}’|\mathrm{t}\mathrm{i}\mathrm{o}\mathrm{n}f$ on $\mathcal{V}V^{*}$ is $\langle$.alled $.$$\mathrm{q}1\mathrm{I})^{\backslash }.3’ \mathrm{f}\mathrm{i}\mathrm{t}\iota\{\mathrm{i}_{0}\mathrm{n}$ on [$/V^{*}$ , if $J$ satisfies following condit,ion.$\backslash _{\sim}:$
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1. $f.(()).f.(1)\in|/\mathfrak{b}’$ .
2. $\mathfrak{l}.\circ \mathrm{r}i\mathrm{t}\mathrm{t}1.\backslash i\prime C1\in$ I $\ovalbox{\tt\small REJECT}.\dot{\mathfrak{c}}111\mathrm{C}|/J\in \mathfrak{l}\dagger^{\vee},*$ $\mathrm{f}\cdot(_{\mathrm{C}}’\iota \mathrm{I}))=\mathrm{f}\cdot(_{\dot{\mathrm{c}}}1)1^{\cdot}(|\supset)$.
$\mathrm{E}_{\mathrm{X}\mathrm{a}11}1\mathrm{P}^{1_{\mathrm{P}}}$






Let, ($\}$ be a $\mathrm{r}\mathrm{e}_{\mathrm{c}}^{r}\iota[11\mathrm{t}111|_{\mathrm{J}\mathrm{e}1}\cdot$ . Define $\mathrm{r}\mathrm{i}\mathrm{g}\mathrm{l}_{1}\mathrm{t}$ , infinit,e $\backslash \mathrm{v}\mathrm{o}\Gamma\zeta[\mathrm{X}(_{1}^{(^{-\prime}},, /..’\cdot)\in VV^{*}$ for $\dot{\mathrm{c}}1$ set ,$.\iota^{-\prime}$: in int,er $\tau r_{\mathrm{c}}’\iota 1[0.1]$
$\dot{\tau}\mathrm{M}\mathrm{i}\mathrm{d}$ a $|_{)}\mathrm{y}$
$\prime \mathrm{Y}(,.(^{-1}.’:, \cap)=\lambda(s, r\prime\prime; 0)\lambda$ ( $S,$ r-l’ ; 1) $\cdots$ ,
where
A $(_{-\alpha},\overline{\mathrm{s}}’,;\mathit{7}?)=\{$ 1 if
$\langle?\tau\alpha\rangle\in S$,
$0$ if $\langle?\iota\alpha\rangle\not\in S$ ,
wlle] $\mathrm{e}\langle x\rangle$ is a fractional part of.l $\cdot$ .
000110$\ldots$ . .
$\mathrm{E}\mathrm{x}\mathrm{a}\ln_{\mathrm{P}}]e\mathrm{o}\mathrm{f}\backslash (S, \alpha)$
We clefine a mod 1 senli $(i$ losed int,erval $[.\iota.,$ $y)^{\sim}$ for $0\leq.\iota:,$ $y\leq 1$ by
$[.\mathrm{t},\cdot,$ $y)^{\sim}=\{$
[ $.\iota,\cdot,$ $y)$ if $0\leq.\iota$. $\leq y$ ,
$[0,\iota/)\cup[_{X}, \iota)$ if $0\leq y<.1i$ .
We ( $\dot{\mathrm{c}}111$ define a mod 1 $\mathrm{i}’ \mathrm{e}\mathrm{l}11\mathrm{i}\langle^{\tau[0}\sec$[ int,erval $(.(:,$ $y$] $\sim$ in t,be $\mathrm{S}_{\mathrm{C}\mathrm{t}\iota}’11\mathrm{e}$ lncl’llner\subset l’’s. above.
$()\iota\iota 1^{\cdot}\iota\Pi \mathrm{a}\mathrm{i}_{1}11^{\cdot}\mathrm{e}.\cdot\backslash$llt, is rrs follolvs.
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Th$(\backslash ,\mathrm{C})1^{\cdot}\mathrm{e},1111$ . Le $t_{^{\backslash ^{-}}}$’ be ($l,$ ”${}^{\mathrm{t}}t\iota\prime\prime"|11\mathit{0}’$ } $.\backslash ^{\backslash }k,\backslash (J\iota l‘’ 1ck$ . $L\prime lFbr^{\backslash }a$ $s\iota lbS;_{\text{ }}itUtj_{\mathit{0}},t\iota\iota’ it/|\subseteq_{\tau}’(^{-}’ D(|F(0)|, |\Gamma^{\prec}(1)|)=$
$1$ . $\mathcal{I}’/1‘ 1$ ) . ( $/\prime\prime..\prime k..\epsilon.tl..’/.\mathrm{t}\cdot$ . $y\in \mathrm{F}\mathrm{r}$ and in $t‘,- g\not\in l\backslash$”$11\downarrow\ldots$ . , $tl\dagger\wedge\cdot$ $and\uparrow$ } $\iota\cdots\cdot$ . \dagger ’,.$\cdot$ $6\downarrow((/1t/_{l(\prime}t.1_{\text{ }}$ is $i\prime\prime \mathrm{r}\iota$ tion $c(l$
an $\mathrm{r}l0<.\iota$ . $<1$ a $1$ } $(/$
$’\backslash (I, .\iota.)=\Gamma \mathrm{t}(,(^{-}-\tau’)$ ,
$\iota‘)/l67^{\backslash }\epsilon^{\backslash }$




$I= \bigcup_{i=1}\mathrm{A}\cdot(\langle’\uparrow\}i\cdot\iota$. $-y\rangle,$ $\langle?li\cdot 1:-y\rangle]^{\sim}$
$7^{\urcorner}/1‘ r^{\rangle}o\uparrow 1\uparrow\prime\prime_{6}\backslash .\mathrm{q}c-,j_{S}$ als $ot’\cdot\iota’(^{\backslash }-,$ .
2 An algorithm on inhomogeneous $\mathrm{D}\mathrm{i}\mathrm{o}\mathrm{p}\iota_{1}\mathrm{a}\mathrm{n}\mathrm{t}\mathrm{i}\mathrm{n}\mathrm{e}$ approxi-
lnat ion
We int,roduce t,he following algorithm on inhomogeneous Diophantine approxiuiation to prove
$\iota 1\mathrm{l}_{\mathrm{c}}’|\mathrm{i}\mathrm{n}$ Theorem. $\mathrm{L}\mathrm{e}\{_{}$ us define funct,ions $t_{(\}},$ $l,1$ ) $l_{\sim^{\gamma}}$. on $\mathrm{P}^{\underline{\prime}}$ by
$l_{()}(.\mathrm{t}i, \mathrm{t}/)$ $=$ $( \frac{}\mathrm{t}}{1+.1_{\text{ }}..’\frac{y}{1+x})$ ,
$t_{\perp}(x, .l/)$ $=$ $(. \frac{1}{2-x}, \frac{\dot{/}\mathrm{t}}{2-.1}.,\cdot)$ ,
$t_{\underline{)}}.(x, y)$ $=$ $(1-x, 1-y)$ .
$\mathrm{L}\mathrm{e}\mathrm{t}_{}$ us a domain $X$ by
$X=\{(.\iota., y)|\mathrm{t})\leq ili,$ $y\leq 1$ and $\iota/\neq?11X+\uparrow|$. for $\dot{(}\iota \mathrm{n}y$ integers $r\uparrow 1,,$ $t\mathfrak{j},1$ .
We ($\iota_{\mathrm{e}}\mathrm{r}\mathrm{i}\mathrm{n}e$ domains $\mathrm{L}\mathrm{t}_{)i}^{\gamma}0(\dot{7\cdot}=0,$ . $,$ . $)’\ulcorner$) $)$ by
$(\mathrm{U}, 0)$ $(1/\cdot l, \mathrm{U})$ $(\mathrm{L}, \cup)$
Figure of $X$
We define $\mathrm{t}_{\downarrow \mathrm{t}\mathfrak{c}}\gamma 11.\backslash \mathrm{f}_{\mathrm{o}\mathrm{r}}1\mathrm{n}\prime \mathrm{c}\backslash \mathrm{t}\mathrm{l}\mathrm{i}\mathrm{o}\mathrm{n}T_{1}|$ on $X\dot{\subset}\mathrm{t}.\mathrm{s}\mathrm{f}\mathrm{o}\mathrm{l}1_{0}\backslash \mathrm{V};;$:
$T_{\mathrm{t})}(.\iota i, y)=\{$
$t_{\mathrm{t}1}^{-1}(.1,\cdot y))$ if $(.\mathrm{t}i, y)\in,\mathrm{t}_{\urcorner}’ 1|(|$ ’
$t_{1}^{-1}(.\mathrm{t}\cdot,1J)$ il
$\cdot$
$(.\iota.\cdot, y)\in,.\mathrm{c}^{\prime\{1}.\cdot.\backslash _{1}\cdot.$ ,
$t_{\underline{J}}^{-1}.\circ t_{||}^{-^{\iota}}(.\mathrm{t},\cdot, y)$ if $(.1_{iy)},\cdot\in,\mathrm{c},’.1)1$ .
$t_{2}^{-1}\circ t_{1)}^{-1_{\circ t}\iota}2-(_{1}.,\cdot, y)$ if $(.\iota^{\backslash },, y)\in,(.!_{3}.()\sim$ ,
$\dagger_{\underline{J}}^{-1}..0\dagger-101f_{\underline{\lambda}}^{-1}.(.\iota\cdot, y)$ if $(_{Ii}., y)\in_{\mathrm{L}}1^{\urcorner})40$ ,
$t_{\{)}^{-1}\circ t^{-\iota}(2^{\cdot}\mathrm{t}\cdot, y)$ if $(_{1j}., y)\in,\mathrm{t}7’.r_{y}()$ .
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We define domains ,$*\mathrm{t}_{\urcorner i}^{-\cdot \mathrm{l}}(i=0, \ldots, .\ulcorner))$ as follows:
$(\mathrm{U},$ $\mathrm{U}|$ $(1/2, \mathrm{U})$ $(1, \mathrm{U})$
Figure of $X$
We define $\mathrm{t}\mathrm{r}\mathrm{a}11.\mathrm{s}\mathrm{r}\mathrm{o}\mathrm{r}111_{\mathrm{c}}’|$ tion $T_{1}$ on $X\mathrm{c}’|\mathfrak{Z}$ follows:
$T_{1}(_{X}, l/)=\{$
$t_{1}^{-1}(.\iota i, y)$ if $(_{1i}., y)\in,.\overline{\mathrm{b}_{||}^{\prime 1}.}$ ,
$\ell_{(\}}^{-1}(.\mathfrak{j}:, y)$ if $(.\mathrm{t}_{}., y)\in,.‘..\urcorner’|\mathrm{t}\dot{1}$ ,
$f_{2}^{-1}\circ t.-11(.1i, y)$ if $(.1j, y)\in l\mathrm{b}^{\prime.1},$ .
$t_{21)}^{-1_{\circ f}-1_{\circ}.1}\ell-(arrow yX,)$ if $(x, y)\in,\underline{\mathrm{c}}_{13}^{-1}.1$ ,
$t_{J}^{-}..\circ 1-\mathfrak{j}_{(}\circ J21-1\mathfrak{j}(’.\mathrm{t}i, y)$ if $(\iota\iota, y)\in\downarrow-\overline{\mathrm{s}}_{4}^{\prime 1}$ ,
$t_{1\sim)}^{-1_{\circ f^{-1}}}..(x, y)$ if $(x, y)\in,.\mathrm{t}^{-}..\tau^{1}..r_{\mathrm{J}}$ .
For $(.\iota;, y)\in X$ we consider the following $\mathrm{b}\mathrm{i}_{11’11}\zeta.y$ tree:
: : : : : ::. :.
$\prime \mathit{1}_{()}’\prime \mathit{1}_{(\mathrm{I}}^{f}$ f.Ii. u) $\prime \mathit{1}_{1}\prime \mathit{1}\mathrm{i}_{\mathrm{t}l.t}:$ . $l|$ $\ulcorner I_{1)}’ 7_{\mathrm{t}}^{\urcorner}(.\mathfrak{j}j. U)$ $\prime \mathit{1}\dot{\iota}^{\Gamma}\mathit{1}_{1}\tau(x, y)$
$(\cdot 1i, .1/)$
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We $r|’,\backslash \cdot \mathrm{S}\mathrm{O}\langle.\mathrm{i}\dot{\mathrm{e}}\mathrm{t}\mathrm{l}(^{\backslash }n=\{i_{\mathrm{J})}i\cdot)-$ . . . } $\in\{(). |\}^{\mathrm{i}1}’\backslash ’ \mathrm{i}\mathrm{l}11\mathrm{c}1$’ pat,h in ( $|_{1(^{\mathrm{Y}}}|_{}\mathrm{r}\mathrm{t}^{s}\mathrm{t}-\backslash$ like $|$ he $\lceil 011_{0\backslash }\backslash \cdot \mathrm{i}_{1\mathrm{l}}\mathrm{g}\mathrm{e}\backslash .(\dot{\mathrm{c}}111\mathrm{l}$ ] $\supset[e$ :
$\mathrm{t}^{\tau i,\iota/}..)$
$\Gamma_{01}^{4}\cdot\iota(=\{\dot{\tau}_{1} , j_{\sim}, , \ldots\}\in\{(), \rfloor\}^{\mathrm{R}1}\mathrm{c}\backslash ’\iota 1(|$ a posit,ive $\mathrm{i}1\iota \mathrm{t}|\mathrm{G}^{\mathrm{t}}(^{\backslash }\mathrm{l}\epsilon^{J}’?l$ . we define $.’ \int(\prime\prime, \}[], (.\mathrm{t}\cdot, y))\in X$ by
$.//((’, ?|, (\dagger., .|\mathit{1}))=^{\Gamma}\Gamma_{j_{\mathrm{t}}},$ $’/_{j_{1}}’(.|i, .1/)$ .
$\backslash ;_{(^{s_{(1\mathrm{f}}}}(\backslash \mathrm{i}_{1\iota \mathrm{t}^{\backslash }}$ a ,$\iota,\cdot\langle^{\backslash }(1^{11\langle}\backslash 11(’(^{\rangle \mathrm{s}’},(1\}, (.\mathrm{t}\cdot, y))=\{j_{l},\}^{\sim},|=1\in\{(), 1,2, .\cdot)_{)}, /|, \cdot\ulcorner)\}\mathrm{l}^{\backslash }\backslash |\mathrm{w}1_{1}\mathrm{i}\mathrm{t}.1_{1}$ is $(.\dot{\mathrm{c}}\iota.11(s\mathfrak{c}||,1_{1\langle^{3}1\mathrm{t}}.\dot{\mathrm{C}}1\mathrm{J}1\iota(^{\mathrm{Y}}01^{\cdot}(.(., .|/)$
$\downarrow\cdot \mathrm{e}1\prime \mathfrak{c}\iota \mathrm{f}\mathrm{e}\mathrm{c}\mathrm{l}$ to $\iota\in\{(), |\}^{\mathrm{l}\backslash \dagger}$ as $1^{\cdot}\mathrm{o}\mathrm{l}1_{0}\mathrm{w},3$ : $\mathrm{f}o1?1=|$ , 2, . . .






$\mathrm{F}\mathrm{i}\mathrm{g}\iota\iota\Gamma \mathrm{e}\mathrm{S}$ of ,$.\mathrm{t}_{\urcorner}’..jj$ $(0\leqq j\leqq.\ulcorner),$ $i\in\{0,1\})$
$\iota’=\{j_{1}, j_{-},, \ldots\}\in\{0, |\}^{\mathrm{N}}$ is called goocl $\iota\cdot e1_{\mathrm{t}}^{r}\iota \mathrm{t},\mathrm{e}\mathrm{d}$ to $(.\mathrm{t}_{)}.1/)$ if $\mathrm{t}1_{1}\mathrm{e}\Gamma 1^{\supset}$ exis{,,$\aleph \mathrm{i}\mathrm{n}\iota \mathrm{i}\mathrm{n}\mathrm{i}\mathrm{t},\mathrm{e}_{y}1\mathrm{I}y\mathrm{t}11’\iota\ln y\mathrm{p}\mathrm{o},\backslash \mathrm{i}\mathrm{t},\mathrm{i}\backslash ^{\gamma}\epsilon$ ’
$\mathrm{i}_{11}\mathrm{f}\mathrm{e}\mathrm{g}e\mathrm{r}\mathrm{s}\mathrm{x}\cdot \mathrm{s}\iota \mathrm{l}\mathrm{t}’ 11|,1_{1_{\dot{\mathrm{C}}}\iota}|i,_{\backslash }$. $=i_{l,\cdot+1}\dot{\mathrm{c}}111\mathrm{C}1j,|$. $r1\prime 11(1.j_{\mathrm{A}\cdot+1}.\mathrm{s}_{\dot{C}}.||\mathrm{i}.\mathrm{b}’\iota_{\mathrm{J}}.i\mathrm{o}\iota\iota \mathrm{e}$of $1^{\cdot}01]_{0\lambda}\iota\prime \mathrm{i}110\mathrm{c}" \mathrm{t}\iota\iota^{f}\mathrm{O}\mathrm{C}()1\mathrm{l}\mathrm{c}\iota \mathrm{i}\mathrm{t},011,\backslash \cdot(1)\dot{\mathrm{c}}\mathrm{t}\mathrm{l}\mathrm{l}([(2)$:
(1) $j_{\backslash },$. $=1$ ancl $j,_{\tau}+1\in\{())2\}$ ,
(2) $j_{l_{\backslash }}=\cdot\cdot 1\text{ }(.111(|j_{l_{\backslash +}1}.\in\{\cdot.\, \cdot\ulcorner)\}1^{\cdot}$
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$\backslash \mathrm{v}\mathrm{h}\mathrm{e}\mathrm{l}\cdot \mathrm{e}\{j_{1}.j_{\underline{\prime}}., \ldots\}\mathrm{i},\vee^{\backslash }$ t.he $11_{\mathrm{C}}’\prime 111\mathrm{e}$ of $(.1i..!/)$ related t,o $n$ .










For $(i, l_{\backslash }\cdot)\in\{()_{\mathrm{t}}1\}\cross\{(), .|_{\mathrm{t}}.2, .\dagger_{1}4, \cdot-)\},$ $n’ \mathrm{e}$ define ,$\sigma_{\mathrm{j}}$ ubst $\mathrm{i}\dagger\iota\iota \mathrm{t}\mathrm{i}_{01}1\mathrm{S}r_{l}$) $(j, \mathrm{A}\cdot)$ ( $\}.\backslash 10[[0\backslash ,\backslash$ :
$\phi(j, j)=\{$
$.5_{(1}$ if $(j, j)=(()$ .() $)$ .
61 if $(j, j)=(0,1)$ ,
$.3_{\{)}^{\cdot}\rho.$. if $(j, j)=(0,2)$ .
$cs_{\mathfrak{l})}\rho$ if $(i,j)=(0, .3)$ ,
$\rho_{\vee}s_{1^{C}}$ if $(j, j)=(0,4)$ ,
:.’ $s_{\mathrm{t})}$ if $(j,j)=(0, .\ulcorner))$ .
$s_{1}$ if $(i,j)=(1,0)$ ,
$s_{(\}}$ if $(i,j)=(1.1)$ ,
$s_{1}\mathrm{r}$







$r..s_{1}$ if $(j, j)=(1, \cdot\ulcorner))$ .
$\mathrm{B}.\backslash ,j\mathrm{t}$,be theory [J] we $1\iota \mathrm{a}\mathrm{e}\mathrm{t}11(^{\Delta}$ following $\mathrm{i}111\mathrm{P}^{\mathrm{O}\Gamma\{_{}}\dot{\mathrm{C}}111\mathrm{t},$ $1_{\lrcorner(^{s}\iota}1111\mathrm{l}’\mathrm{C}\iota$:
Lenuna
$\phi(i_{1}, j1)\cdots\emptyset(i_{1},,j_{n})G(.’/(\iota\iota, ?\}, (.\mathrm{t},\cdot, y)))=G(x, y)$ .
For ,$\mathrm{s}n\mathrm{b}\mathrm{S}\{,\mathrm{i}\mathrm{t}_{\mathrm{t}}\mathrm{t},\mathrm{i}\mathrm{o}11,\mathrm{s}J\mathrm{a}1\iota \mathrm{d}.(J$ on $VV^{*}$ we say {, $[] \mathrm{a}(\int$ is $e(|\iota \mathrm{i}\backslash ;\dot{\mathrm{c}}\iota[(\Delta 1]\mathrm{t}|_{}\mathrm{o}f,$ il$\cdot$ $\mathrm{I}_{0}1$ any $\mathrm{t}l^{(}\in \mathcal{V}1\prime’\vee|$] $(\iota t’)|=$
$|(/(\iota 1;)|$ .
We have $\mathrm{t}_{t}11\mathrm{e}\mathrm{f}\mathrm{o}[]\mathrm{o}\mathrm{W}i1\mathrm{T}]_{1\mathrm{C}}\mathrm{o}\mathrm{r}\mathrm{e}1112$ .
Theorelll 2 Let $(.\iota:, y)\in X$ . Let $n$. $=\{i_{1}, i_{2}, \ldots\}\in\{0,1\}^{\mathrm{N}}$ be $cry\mathrm{c}oo$($/p_{Ct}‘/l$ i.’t the $p\uparrow \mathrm{r}\mathrm{t}$ ) $io\mathrm{C}lsi’\backslash \epsilon..\backslash \mathrm{c}^{3}$.
’elated to $(x, y)$ . Let I be a $fi’\dagger iite$ union of $j$, ntcrvals [ $\langle 7?11\alpha-/f\rangle,$ $\langle$ $’?\iota_{2}\alpha-^{\rho\rangle)}\sim(l?’ 1, ?|l2\in \mathbb{Z})$ . Th $e’\iota_{i}$
$tll.C\uparrow\backslash \rho e?’\uparrow st$ a $i\uparrow|.\dagger,e$($/^{\epsilon^{\backslash }}’\cdot k\cdot\geq 0\mathrm{c}/\uparrow\iota d\mathrm{C}$’ substitution $\psi’ \mathit{0}\uparrow’ W^{*}\tau\{$) $/_{1}.i\Gamma t|r.se\mathrm{r}]\mathrm{t}iv$ ($/\iota\rho\uparrow,\theta$ to $\phi(i_{1},$ $j1)\cdots \mathit{4}$) $(i\mathrm{A}\cdot, jk.)$
$suc/\iota t/\mathfrak{l}Clf$,
$’\iota(I, .\mathrm{t}i)=\psi)(G(.l/(_{1}\iota, \mathrm{x}\cdot, (.1^{\cdot}, .\iota/))))$ ,
$m/1\mathrm{p}’ \mathrm{Y}^{D}\{.j_{1}, j_{arrow}.,, \ldots\}$ is $\dagger/1(^{\backslash },\uparrow \mathrm{t}C(’ \mathcal{E}$ of $(.\iota:, y)/^{\backslash }k^{\backslash /l}(\prime t_{k(}$ to $1|..7’/|etOl""?\cdot,p((l.\backslash \mathit{0}/$ } otcls.
$|^{\neg\prime}\downarrow\cdot 01\mathrm{t}1\mathrm{J})1\mathrm{l}\mathrm{C}\backslash \mathrm{o}\mathrm{r}\langle-\backslash 11\rceil 2$ and $\mathrm{t}\cdot \mathrm{O}\mathrm{l}\mathrm{l}\mathrm{s}i$ dering $1_{1\mathrm{O}}1\mathrm{t}\mathrm{l}\mathrm{o}\mathrm{g}\mathrm{e}11\mathrm{e}o\iota \mathrm{s}\langle_{\dot{\mathrm{C}}}\mathrm{t},\mathrm{s}\mathrm{c}\mathrm{S}(y=?)\mathrm{t}.1i+?1)$ , we $\mathfrak{i}\sigma \mathrm{e}\mathrm{t}\angle \mathrm{J}\prime \mathrm{t}1\mathrm{l}\langle^{\tau}\mathrm{o}\mathrm{r}\mathrm{e}\iota 11|$ .
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